Abstract. The construction industry has a considerable share in overall resource and energy consumption. Consequently, decision-makers try to achieve environmentally conscious construction by integrating environmental objectives into the selection of construction elements. Due to the complexity of construction projects, it is a known challenge to provide an effective mechanism to select the most feasible construction methods. Thus, it is crucial to learn the interdependency between various resource alternatives, such as material and equipment type, under various project conditions like unavailability of resources. An analytic network process (ANP) was used in this study to construct a decision model for selecting the most feasible construction method. Data collected via interviews with highway construction experts were used to model the dependency between decision parameters, such as project conditions and resource performance indicators. The proposed ANP model output the relative importance weights of decision parameters so that they can be used to identify environmentally conscious construction methods. The proposed mechanism is a valuable asset for construction decision-makers especially when their ability to select construction methods is limited by project constraints. Although the model was tested in a highway project in this paper, it can be further extended to benefit building construction and sustainable decision-making problems.
Introduction
The environmental impact of construction sector is accounted for 30-40% of natural resource consumption in industrialized countries (Pulselli et al. 2009 ). Due to the significant amount of energy consumption, the building industry had several environmental concerns, such as harmful emissions. The construction industry was responsible for 30% of global annual green house gas (GHG) emissions, and consumes up to 40% of all energy (UNEP-SBCI 2009). In the United States, the construction sector accounted for 39% of primary energy use and 38% of CO2 emissions (USGBC 2008) . Considering the large number of annual construction projects worldwide, as well as their share in the overall resource consumption, overlooking the environmental impact of construction processes can have seriously adverse effects on the natural environment.
Environmentally conscious construction is defined as the encouragement of ecological, economic, and social-cultural sustainability in buildings (Kua, Lee 2002) ; the concept therefore includes environmental considerations, as well as other objectives. Selih (2007) suggested environmental impact in addition to traditional performance measures, such as cost, for the evaluation of projects.
The selection of construction methods, including material types and operation methods, has significant impact on the performance of a project. Many researchers have looked into project performance related to environmental impact and focused on reducing environment impact by using environmentally-friendly construction methods. For example, Hendrickson and Horvath (2000) demonstrated the importance of understanding the environmental impact of construction operations. Gangolells et al. (2009) studied the impact and severity of environmental performance related to construction. Although the connection between environmental impact and construction methods is not a new subject, many questions remain unanswered due to the complexity of construction projects.
The selection of construction methods is typically influenced by various changing factors, which are based on the different interests of involved parties (Cole 1998) . Interests, such as profit and time, have received more attention than the intricate impact of building processes, materials, and technologies on the natural environment. Such preference is clearly reflected in existing literature in construction engineering and management. On the other hand, it is commonly noted that successful sustainable construction depends on meaningful integration of multiple project performance criteria, including environmental impact.
With a potentially large set of alternatives in material types, operation methods, and external project conditions affecting the availability and/or performance of resources, construction professionals often find themselves dealing with complex (sometimes conflicting) performance criteria, and in need of a mechanism to determine the most desirable construction method to successfully satisfy different project conditions and objectives. The challenge in searching for the most feasible construction method is that a decision-maker normally does not know the interdependencies among resources or external factors at the time of decision-making.
External project conditions can be as important as the performance characteristics of resources in construction method selection. There are several studies that discussed decision-making and construction operations simultaneously. For example, Zayed and Halpin (2000) studied the necessity of decision-making as a part of construction operations and created time-cost quantity charts for deciding the time and cost of production, as well as required resources. Fujii and Tanimoto (2004) simulated how architectural environment and human decisions interact by considering the changes in project environment. Sefair et al. (2009) used three decision parameters as environmental impact, design suitability, and cost to evaluate and select best-performing materials.
This study was focused on developing an analytic network process (ANP) decision-making model for the selection of environmentally conscious construction methods. In the following, a review of relevant literature is presented. Then, the development of the ANP model is discussed in detail and followed by a case study. Finally, conclusions, limitations, and recommended future studies are discussed.
Literature review

Analytic Network Process (ANP)
The selection of proper construction methods is a multiple criteria decision-making (MCDM) problem as it typically involves more than one conflicting objective. MCDM methods have been widely cited in the literature as an ideal method for selecting the most feasible alternative based on a set of criteria (e.g. Rakas et al. 2004) or ranking and assessing certain alternatives to achieve a selection process (e.g. Cheng et al. 2002) . One of the most important steps in solving MCDM programs is to determine the tradeoffs or weightings of factors affecting decision-making. A commonly cited approach is to apply the analytical hierarchy process (AHP) (Bishop et al. 2008) .
AHP was first introduced as a decision network, which is composed of clusters, their elements, and links between the elements . It is known as a useful and flexible decision-making tool, which can help decision-makers set priorities and make the best decision by handling both qualitative and quantitative aspects of a decision (Chen et al. 2005) . AHP obtains data by asking experts to input directly or perform pair-wise comparisons (Bishop et al. 2008) . It can be used to decide priority of items in a wide range such as ratings for information technologies, state and federal offices, relocation sites, entertainment systems and more (Saaty 2008) . Recently, an AHP-based method has been proposed in connection with life cycle assessment (LCA) to compare data quality indicators for three building materials as concrete, steel, and glass (Wang et al. 2012) .
Although AHP has been utilized in various areas of construction research and practice since the late 1970s (Zeeger, Rizenbergs 1979) , it only allows users to form hierarchical relationships between vertical levels of a decision model. Consequently, it has no parallel connections between decision factors at the same level. It is therefore not possible to hierarchically structure many decision problems because of the need for a network that involves cycles between clusters, as well as loops within the same cluster (Saaty, Vargas 2006) . This shortcoming has been overcome by a different method, that of analytic network process (ANP). This process is more powerful in modelling complex decisionmaking problems than AHP, as interactions and dependencies are often present among levels or within the same level (Saaty 2004) . Therefore, recommended using ANP when a more comprehensive and systematic analysis is needed. The output from an ANP process is the relative importance weights of various parameters.
ANP has been widely used for project evaluation and selection (e.g. Cheng, Li 2005) , project location selection (e.g. Partovi 2006; Tuzkaya et al. 2008) , and performance measurement (e.g. Cheng, Li 2005; Ozorhon et al. 2007) . In this study, ANP is used to find the relative importance weights of project conditions and resource properties in order to model the decision-making of construction professionals.
Methodology
The methodology of this study includes the generation of ANP-based decision-making model and using the results of this model to select the most feasible construction method (CM). The flowchart for the decision-making process in this paper is shown in Figure 1 . Next sections will give details of the process based on the steps given in this flowchart.
Determination of decision factors
Since the decision model in this study is designed to support the selection of the most feasible CM, project conditions and resource performance indicators associated with the execution of a project are identified as decision factors. For this purpose, the existing literature on this topic has been reviewed and typical project conditions are identified. ANP model is mainly composed of two parts, a control hierarchy that controls a network of influences among clusters and nodes at different levels of a system, and interactions between different clusters and nodes (interdependencies and feedback). Thus, a decision problem is defined in the form of clusters, nodes, and the relationships between them. Figure 2 shows a decision model constructed using SuperDecisions software for selecting construction methods.
The control hierarchy starts from the top-most level, defining the goal of a decision problem (Saaty 1980) . The goal of a decision problem is usually decomposed into determinants (clusters). In this case, the selection of construction methods is determined by two clusters: favourability of project conditions and resource performance. The clusters are then further decomposed into attributes (nodes). Project conditions from C1 to C7 are nodes defining the first cluster, i.e. favourability of project conditions, while material selection, equipment selection, and stability additive selection are nodes used to define the other cluster, resource performance.
To form a network of influences, ANP allows dependencies to be modelled both within a cluster (inner dependence) and between clusters (outer dependence) . Arrows in Figure 2 indicate interactions (i.e. interdependencies and feedback) within clusters, as well as between clusters and nodes. The arrows are drawn from a parent component to child components. The parent component bears a control criterion for comparing two or more child components. For example, in Figure 2 , CM Selection is the parent component for Favourability of Project Conditions and Resource Performance. Thus, the favourability of project conditions and resource performance are compared with respect to CM selection criteria. This type of straight arrow shows outer dependencies among clusters, as well as among nodes. On the other hand, loop arrows that start from and finish on the same cluster stand for inner dependencies within a cluster. For instance, the loop arrow for the favourability of project conditions shows that some of the project conditions affect others that are in the same cluster. The inner dependence regarding favourability of project conditions is based on the effect of Owner in decisionmaking. The influence of Owner on the decision-making of the Contractor is reflected through Change in Design, which is the reason of the inner dependence in this cluster.Since there is no inner dependence in the Resource Performance cluster, there is no loop arrow starting from and finishing on this cluster.
In order to represent the relationship between project conditions and resource performance indicators, certain abbreviations and equations are used. Project conditions are connected to each resource performance indicator separately. Figure 3 shows the relationship between project conditions and material selection. As given in Figure 3 , each condition is described by its relative importance weight (IW) of materials and probability of occurrence (P). IWs and Ps are represented by the numbers Project conditions that affect the decision-making of construction professionals are defined based on previous studies of highway construction and project changes. Seven conditions that can influence the CM selection, and likewise resource utilization, are selected, including unavailability of resources, delay in resource delivery, increase in unit cost of resources, unexpected conditions (e.g. bad weather, labour strike, unforeseen ground conditions), change in design (e.g. client-initiated variations, change orders by owner), adverse financial issues of owner (e.g. changes in cash flow), and adverse market conditions. Adverse financial issues and adverse market conditions can influence an owner's decision, while the remaining conditions can affect the contractor's decision on construction method selection. These project conditions and relevant studies are shown in Table 1 .
In addition to project conditions, resource performance indicators are defined based on the common characteristics of construction operations. Material selection (Flórez, Irizarry 2010) , equipment selection (Shapira, Goldenberg 2007) , and stabilization performance of the highway (Ozcan-Deniz, Zhu 2011) are selected to reflect the characteristics of construction resource performance. Stabilization performance of the highway refers to the strength and properties of the friction course (FC) which meet the desired or required level of performance for anticipated traffic.
Development of the ANP-based decision-support model
The ANP-based decision-support model can be constructed by using four main steps, including 1) ANP model structure, 2) preparation of pair-wise comparison matrices, 3) supermatrix formation, and 4) determination of the relative importance weight of each decision factor.
ANP model structure
Typically, a decision problem is identified and decomposed into a set of manageable and measurable levels. An of their project conditions. For example, IW-1 corresponds to the relative importance weight of C1, while P-1 corresponds to the probability of occurrence of C1. IWs are obtained from the results of the ANP analysis. As ANP analysis outputs IW values differently for material, equipment, and stabilizing additive selection, the abbreviations of relative importance weights for these three parameters are presented differently. Relative importance weights regarding material selection are shown as MAT-Ci, while relative importance weights for equipment selection are given as EQUIP-Ci, and for stabilizing additive selection are shown as STAB-Ci, where "i" is the condition number from 1 to 7.
Probabilities (Ps) are user-defined inputs. The probability of occurrence of conditions is not different for different material, equipment, or stabilizing additive.
Therefore, when probabilities are entered, they are used to calculate scores for all resource performance indicators. The relationship between project conditions and resource performance indicators are shown connected to the CM Selection in Figure 4 . In order to be able to proceed with the CM selection and the equations of the model, the next section will give details about the relative importance weight calculations with the ANP analysis.
Pair-wise comparison matrices
Pair-wise comparison matrices are developed based on the ANP decision model structure (Fig. 2) . The pair-wise comparison is usually handled in a matrix format where diagonal cells contain 1, suggesting equal importance between components on the corresponding row and column. Then, the top triangle is used to enter the scores for each row-column component pair and their reciprocal values are automatically assigned to the reverse triangle within the matrix. When pair-wise comparisons are completed, the relative importance values are used to calculate the eigenvector of each of the constructed matrices. Next, the consistency of judgment needs to be computed, as it can be a problem during the ANP process. The consistency ratio provides a numerical assessment of how inconsistent the evaluations might be. It can be calculated by using Eqn (1). Saaty (1994) set three acceptable levels for consistency: 0.05 for a 3 by 3 matrix, 0.08 for a 4 by 4 matrix, and 0.10 for other matrices: 
where λ max is the largest eigenvalue and n is the number of evaluations. Structured interviews of highway resurfacing construction professionals were conducted to gain their perspectives on decision-making under the influence of certain project conditions. The experts were asked to fill the pairwise comparison matrices by using a nine-point priority scale (Saaty 1980) . Six interviews were conducted with professionals. Although there is no minimum number of interviews required for ANP in the literature, it is common to use three or more experts to generate an ANP decision model (e.g. Dikmen et al. 2010) . It can be stated that the consistency of interviews in this study was found satisfactory to fulfil the principles of this research, as the consistency values were smaller than 0.10, as set by Saaty (1994) .
In this study, experts were asked to fill seven comparison matrices by using the nine-point priority scale in Table 2 . They compared components in pairs and assigned numbers on a 1-9 scale. All matrices used in the interview were derived from the model structured in Figure 2 . The list of matrices is given below:
1. Relative importance weight of favourability of project conditions and resource performance with respect to CM selection; 2. Relative importance weight of project conditions with respect to favourability of project conditions; 3. Relative importance weight of resource performance indicators with respect to resource performance; 4. Relative importance weight of C1: Adverse financial issues of owner and C2: Adverse market conditions (affecting owner) with respect to C3: Change in design; 5. Relative importance weight of project conditions with respect to material selection; 6. Relative importance weight of project conditions with respect to equipment selection; 7. Relative importance weight of project conditions with respect to stabilizing additive selection.
The staticizedgroups method is used to aggregate the judgment of an individual expert. The technique was described as the Delphi method with one round of estimates (Dayananda et al. 2002) . Hallowell and Gambatese (2010) defined staticized groups as an alternative to the Delphi method without feedback or iteration.
Two examples of the ANP pair-wise comparison matrices are shown in Table 3 and Table 4 . The first matrix is an example of outer dependence between two clusters, one of the CM selection determinant (level 2) and favourability of project conditions (level 3), while the second matrix serves as an example of the inner dependence within the favourability of project conditions cluster. The remaining pair-wise comparison matrices are also completed by construction professionals in the same manner. Consistency ratios were found to be less than 0.10.
Supermatrix formation
After the level of consistency is satisfied for each matrix, the seven matrices are combined to form a supermatrix . There is a three-step procedure in supermatrix calculation . The first step is composed of calculating an unweighted supermatrix directly from pair-wise comparisons among components affecting each other. The second step includes generating the weighted supermatrix by considering the interactions between the clusters of components, then normalizing the weighted supermatrix by making it column stochastic, i.e. sum of the column values adding up to 1. The third step is generating the limit supermatrix by raising the weighted supermatrix to powers until it converges and remains stable.
For the purpose of computing the supermatrix, the commercially available software Super Decisions was used in this study. Super Decisions was developed by William J. Adams of Embry Riddle Aeronautical University and Rozann W. Saaty (Saaty 2003) . The supermatrix generated by the software gives the relative importance weights of clusters and nodes in a tabular form, so that the magnitude of influence of each node on the decision problem is obtained. The limit supermatrix is shown in Table 5 . The table gives information about the pair-wise comparison as well as the comparison between levels of the ANP model. The intersection of two components (one in row and the other in column) gives an idea about the percentage of relative importance between these components. For example, it can be seen that C3: Change in design is affected by C1: Adverse financial issues of owner around 17% (as given at the intersection of C1: Adverse financial issues of owner row and C3: Change in design column), and by C2: Adverse market conditions around 83% (as given at the intersection of C2: Adverse market conditions row and C3: Change in design column). If no relationship is set between two components, a value of zero is obtained at the intersection. For instance, there is no relationship set between C1: Adverse financial issues of owner and C2: Adverse market conditions; i.e. the intersection of C1: Adverse financial issues of owner row and C2: Adverse market conditions column (or vice versa) is 0%.
The relative importance weights of clusters and nodes
The last step is to derive the relative importance weight of each node and cluster for construction method selection based on the limit supermatrix. The limit supermatrix presents results in a tabular form, which contains relative importance weights as priorities for all nodes in the model. The priorities are also available as normalized by cluster, i.e. priorities sum up to 1 in each cluster. The results obtained from the limit supermatrix table can be organized in different ways. The relative importance weights of clusters that are extracted from the limit supermatrix are shown in Table 6 . Table 6 can be used to determine which one of the clusters, project conditions, or resource performance indicators is most important in the CM selection. Considering the results in Table 6 , resource performance indicators are rated as more important (around 75%) than favourability of project conditions (around 25%) in selecting the most feasible construction method.
Another part of the limit supermatrix is used to derive the relative importance weights of nodes, as shown in Table 7 . By using Table 7 , a comparison between each project condition and resource performance indicator can be performed. Among project conditions given in Table 7 , delay in resource delivery (10%) has the highest rank. This implies the importance of meeting the deadline in highway construction projects. The time objective was also mentioned by the experts during their interviews. They stated that the need to finish on time was crucial as the closure of lanes could cause serious traffic problems. Furthermore, the ANP results are shown to support these concerns. Following delay in resource delivery, unavailability of resources (8.8%) has the second highest score in project conditions. The result suggests that the timely delivery of resources to the site has the priority for contractors. Next, the item that ranked third in project conditions is adverse financial issues of owner (8.3%), which directly affects the cash flow and the work capacity of a contractor. Finally, increase in unit cost of resources (1.4%) is found to be the least important in the cluster. The reason for this may be the reflection of unit cost increase in the total bid amount. In this way, the contractor is paid by the increased unit cost amount, and he/she does not experience any significant problem in his/her finances.
When a resource performance indicators cluster is considered, stabilizing additive selection (14.6%) is significantly more important in the cluster. There can be two reasons for this result. The first one can be the limitation of contractors in material and equipment selection. If contractors are expected to use certain types of material and equipment, such as the ones stated in the contract, they may give a higher score to stabilizing additive since it is the only parameter they can control. The second reason is that the stabilizing additive is used to determine the durability of the highway. Therefore, this item may be ranked higher than material and equipment selection (7.3% and 4.9%, respectively). The limit supermatrix results show the relative importance of each node regardless of their cluster. The results suggest that the resource performance indicators have a considerable influence on the CM selection process. The high score of resource performance indicators is caused by the effect of stabilizing additive selection, which is ranked as the second most important node in Table 7 . It is followed by delay in resource delivery. As expected, the importance degrees of nodes in project conditions and resource performance indicators clusters match the rank of the ones in Table 6 . The matching rankings of nodes in each cluster and in the limit supermatrix suggest the consistency of ANP results. It should also be noted that these results reflect the subjective judgments of a number of highway construction professionals. Thus, the study is limited to the experience of experts involved in the interview process.
Additionally, the relative importance weights of project conditions regarding material, equipment, and stabilizing additive selection are given in Table 8 . As it can be observed from the table, the relative importance weights of equipment and material selection with regard to the project conditions output equal values. The main reason for this result is caused by the experts' input during the interviews. The experts gave the same importance to material and equipment selection for highway construction projects. During the interviews, they have explained this situation by evaluating material and equipment as complimentary to each other. For example, when a material is selected, the selection of the proper equipment to use with that material is considered as important as the material itself. Therefore, the relative importance weights regarding equipment and material output the same values in the limit supermatrix. On the other hand, stabilizing additive selection is rated slightly more important than material and equipment selection regarding its effect on highway durability. The relative importance values will be used to select each resource performance indicator by using the score table. The details of the CM selection by using the score table will be explained in the next section.
Case study
Score table for the selection of the most feasible construction method
The relative importance weights obtained in Table 8 were assigned to the project conditions for each resource performance indicator. For each condition, the score was calculated by multiplying its relative importance weight and probability. Relative importance weights are the results of the ANP analysis, while probabilities are user inputs obtained from the interviews. Both the probabilities and the relative importance weights are used to form a score table for each resource performance indicator. An example material score for project condition-1 is shown in Eqn (2). In this equation, material score "MAT-Ci" is calculated by multiplying relative importance weight "MAT-IW-i" and probability "P-i" of project condition-i. For example, to calculate material score for the first project condition "MAT-C1", relative importance weight "MAT-IW-1" and probability "P-1" of project condition-1 are multiplied. The relative importance weight "MAT-IW-1" is given as 0.11511 in Table 8 . This procedure was repeated for seven conditions. The relative importance weights given in Table 8 are used to calculate the score of project conditions for material, equipment, and stabilizing additive selection, as given in Eqns (2)-(4). Then, the scores of project conditions were combined for each resource performance indicator. The equations for the resource performance indicators as obtained from the scores of the seven conditions are given in Eqns (5), (6), and (7). ,
where: MAT-Ci is the material score of condition i (Ci); MAT-IW-i is the material importance weight of Ci; and P-i is the probability of occurrence of Ci.
, where: EQUIP-Ci is the equipment score of condition i (Ci); EQUIP-IW-i is the equipment importance weight of Ci; and P-i is the probability of occurrence of Ci.
where: STAB-Ci is the stabilizing additive score of condition i (Ci); STAB-IW-i is the stabilizing additive importance weight of Ci; and P-i is the probability of occurrence of Ci.
Material Selection Score = "MAT-C1" + "MAT-C2" + "MAT-C3" + "MAT-C4"+ "MAT-C5" + "MAT-C6" + "MAT-C7";
Equipment Selection Score = "EQUIP-C1" + "EQUIP-C2" + "EQUIP-C3" + "EQUIP-C4" + "EQUIP-C5" + "EQUIP-C6" + "EQUIP-C7";
Stabilizing Additive Selection Score = "STAB-C1" + "STAB-C2" + "STAB-C3" + "STAB-C4" + "STAB-C5" + "STAB-C6" + "STAB-C7".
The CM selection score table was formed for each resource performance indicator by using the material, equipment, and stabilizing additive scores and types. First, boundary conditions are defined and entered as a range of scores. For five types of materials, five ranges with min 0, max 100 and increments of 20 are defined, as given in Table 9 . By using the equations, the weighted total for each material type was calculated and the material types were ranked according to their weighted performance on project success. The materials from best performing to least performing were obtained as Hot In-Place (HIP) mix, Superpave, recycled Hot Mix Asphalt (HMA), virgin HMA, and virgin Warm Mix Asphalt (WMA). The increment [0-19] is assigned to the least performing material, while the increment [80-100] is assigned to the best performing one. The top boundary is set to 100, as the overall material score is estimated based on this denominator. Secondly, the relative importance weights are multiplied with the probabilities and summed up to the overall material selection score by using Eqn (5), which is matched with the range of scores. The code of material type is obtained according to the proper range and then, the type of material is selected by using IF-THEN rules. As an example, if the material score is obtained as 85 from Eqn (5), then this value is used in Figure 5 , and Number 5, which is Hot In-Place (HIP) mix, is selected as the material type.
The definition of boundary conditions and selection procedures for equipment and stabilizing additive are performed in the same manner. The CM score table is created in the form of the IF-THEN rules, as given in Eqns (9), (10), (11), and (12) for each project, where Mi is the i th material, Ei is the i th equipment, and Si is the i th stabilizing additive type. The rules are entered into the decision-making system to select the most feasible 
Analysis of the model
The CM selection model is tested using a case study. The case study is a resurfacing project from the Florida Department of Transportation (FDOT). The project includes activities such as milling existing asphalt, placing asphaltic concrete pavement, and adding a concrete friction course. The resurfacing operation is performed lane by lane. In the conventional method, the existing asphalt is milled and hauled by dump trucks to be recycled. The new asphaltic concrete to be placed can be a virgin or recycled mix. An asphalt composition shows differences not only in terms of recycled concrete amount, but also at its temperature of mixing. Three activities are performed in finish-to-start relationships following sections of the highway. An example schedule is shown for a project with three sections in Figure 6 . Originally, milling is performed with conventional equipment, and the milled asphalt is hauled by dump trucks to an off-site plant for recycling. Superpave asphalt is used in paving, while FC-5 is used for the friction course layer. In addition to the original construction method, this research sought other appropriate construction methods and new technologies for highway construction, generating 16 construction alternatives for the same project. The alternatives are shown in Table 10 .
Among the many mix design methods, Marshall and Hveem are the two most widely accepted for Hot Mix Asphalt (HMA) (Bahia 1993) . Although the Marshall mix design method is used by DOTs throughout the U.S., some downsides have been shown in its performance. The Strategic Highway Research Program (SHRP) has thus developed a performance-based asphalt binder and asphalt mix specifications (Roberts et al. 2002) . The development of performance graded (PG) binder specifications and tests, resulted in Superpave, an acronym for superior performing asphalt pavements (Larsen 2003) .
In addition to the progress in asphalt mix design, the equipment technology has evolved for better milling and asphalt placing performance. Hot In-Place (HIP) recycling technology has been proposed to combine milling the existing asphalt and placing asphaltic concrete activities in resurfacing projects. The new technology has a single unit for recycling the existing pavement and mixing the milled pavement with new paving materials. In this way, HIP eliminates the hauling and handling of the HMA recycled from milling (Russell et al. 2010) .
Regarding equipment, the evolution in the industry is based not only on technology, but also fuel type and use. Low-carbon or biofuels, which are mostly derived by soybeans, are promising strategies to reduce life cycle GHG emissions (EPA 2009).
As mentioned before, the differences among alternatives were reflected by different types of materials, equipment, and the stabilizing additive content of materials. In order to calculate material, equipment, and stabilizing additive selection scores, the results of ANP analysis (the relative importance weights) and the probabilities are input to the model. The relative importance weights are given in Table 8 , while a random set of probabilities are shown in Table 11 . When material, equipment, and stabilizing additive selection scores are calculated, they are entered to the CM selection score table. Then, IF-THEN rules are used to decide on the material, equipment, and stabilizing additive type for the current project.
The combination of different types of material, equipment, and stabilizing additive enables the running Fig. 6 . Example schedule for a resurfacing project of different scenarios to select the most feasible CM combination. The importance weights from the ANP decision model are multiplied with the maximum probabilities (1 out of 1) to obtain the worst-case scenario of the project. Importance weights and probabilities are summed up to the overall material, equipment, and stabilizing additive scores. Using Eqns (7)-(10), the model is analysed and the resulting CM (M5, E4, S1) output, as shown in Table 12 . The result stands for the selection of HIP mix (composed of Marshall and milled asphalt mixes) for the resurfacing activity, biodiesel equipment for the milling activity, and FC-5 layer for the friction course activity.
HIP mix is the best performing material under extreme conditions. The original project utilized Superpave as the asphalt type. However, HIP technology has been evaluated as effective in saving about 50% cost over the conventional milling and resurfacing, and eliminating 90% of the emissions resulting from the pavement milling and resurfacing process. Additionally, HIP showed a reduced downtime for pavements being restored in recent projects (EPA 2011). The results under the influence of changing project conditions were also matched with feedback from interviewees, as they approved of the advantages of HIP technology.
The expected result of the proposed model was twofold. First, the selected CM was not only practical and reliable, but also resulted in better resource utilization plans Table 11 . Probabilities used to analyse the case study Trial # P-1 P-2 P-3 P-4 P-5 P-6 P-7 for achieving environmentally conscious construction. Second, the behaviour of the model under the effect of changing probabilities was revealed. When the probabilities of project conditions were changed, the system selected the most feasible resources based on the probability values. As the inputs for changing project conditions defined the most feasible construction method, the same construction methods were selected under similar scenarios. The influence of changing project conditions was reflected through various scenarios, and the selected CM was the one that outperformed all other methods, including the original one.
Different resources or construction methods were selected by the model for each set of probabilities. Selecting different construction methods resulted in various time, cost, and environmental impact values depending on the probabilities input to the system.
Conclusions
Construction method selection is a challenging job due mainly to project constraints in the complex construction environment. When the aim is to achieve environmentally conscious construction, the contractor's ability to sustain project performance is based on the selection of resources (e.g. materials and equipment) among all available alternatives under different project conditions. Considering various resource options together with the project conditions, a decision-making mechanism is needed to handle their interrelated effect on the decisions of contractors.
Within this study, components of construction method selection are defined and a decision model is created using ANP. Data from highway construction projects and experts are used to illustrate the dependence of project conditions and resource performance indicators in the decision model. Expert judgment obtained from interviews was aggregated by using the staticizedgroups method. The results of ANP suggested that parameters related to resource performance indicators, which were the properties of various resource options, were ranked as the most important determinants of CM selection. Among the resource performance indicator cluster, stabilizing additive selection had the highest rank, due likely to its role in determining the durability of highway pavement. On the other hand, when project conditions were considered, the two factors (C5: Delay in resource delivery and C4: Unavailability of resources) that were directly related to the availability of resources on site and in a timely manner were ranked as more important than the other parameters. The results implied that the contractors gave high priority to finishing projects within deadline. One of the challenges experienced in this study is collecting data for the pair-wise comparison in the creation of the ANP model. During the interview process, the interviewees need to understand the pair-wise comparison procedure and the nine-point priority scale for ANP. The major difficulty is to convince professionals to dedicate a certain amount of effort and time to this process. Although the comparisons are accurate and consistent for this study, it is a good idea to use brainstorming sessions when the number of interviews is increased.
The initial findings of the study were used to explore the relative importance of a group of project conditions and resource performance indicators on the selection of construction methods. The relative importance results were further used with probabilities to form the CM selection score table. The score table was composed of ranges for resource performance indicators, which enabled the selection of alternatives by using relative importance and probability values. The CM selected was tested and found to be reliable in achieving environmentally conscious construction based on the interviews and previous studies. Although the ANP decision model in this paper was successful in establishing a connection between decision parameters of CM selection, the data was limited to the opinions and experiences of highway professionals. For other types of construction projects, the model needs to be extended.
The proposed ANP decision model supported the selection of the most feasible construction methods based on a group of project conditions and resource performance indicators. The findings of the study emphasized the most important decision parameters and formed a decision-making system that contributes to the progress of environmentally conscious construction studies. The model considered not only decision-making parameters, but also conflicting project objectives to deliver sustainable construction projects with the most feasible construction methods. The decision model can be further improved by sustaining its connection to a simulation model to perform the CM selection on an iterative basis.
